Final Report to AOARD in 2005

Title of Research Project: Self Assembled Nano-Photonic Devices Derived from
Marine DNA for Opto-Electronic Applications

Principal Investigator: Naoya Ogata

Professor Emeritus, CIST

Ogata Research Laboratory Ltd.

3-3-7-704 Aoba, Chitose, Hokkaido 066-0015 Japan
Date of this report: January 31, 2006

Summary
Research 1 Optical and photochromic properties of spiropyran-intercalated
DNA-surfactant complex

films for optical switching
Optical and photochromic properties of spiropyran-intercalated DNA-surfactant complex
films were studied to aim at optical switching. They strongly depended on the type of
spiropyran as well as the type of surfactant. Spiropyrans containing the oxazine ring and
intercalated into DNA showed a very rapid photochromic response. It is also shown that
photochromic response times became much faster by increasing the intensity of the excitation
light.

Research 2 op@igattd-condrotted PEHOGORIC ISWICHSS 3236D or
SPUPORPYPAR-DOPED DRA-LIPID COVRECH

MR

0PRICAR SWICCHEIRG ProPEFEICE SA8ED 0R BEC PEOCOCEFrOVIZH OF
SPIRORYPAR-DOPED DRA-RIFID CORPLEH FRHY HAVE BCER LEBDIGD.
0R=-0RF LWNILCEING 0F ¢HE INCIDERE RIEHE GQRDEF CHE ATBGPRAGE
@%ciBaRi0R 0F G- AnD VIYIBRE RILEE SHOWED Serony DEPERDERCE OF
2H6 128CRIIBY oF GHE @HcIARION RIGESE. e FAVE 0382INED BFHE
SHBCEIRE 1BGY 0F ArORRD 200-83008%, BUE LUGCH PALBCr PEIPORIEC
CORLED B8 BH#PECERD SINCE BEE ProPOFEIORNAL BCRDERCY oS 106 B26R
808828ED Y&e.

Research 3 Structure-property relations of intercalated and chelated DNA-lipid

complexes

Parions Dna-carionic Lipld CoOPRPEEHES and CECIr 8RE2 FLs WEre



Form Approved

Report Documentation Page OMB No. 0704-0188

Public reporting burden for the collection of information is estimated to average 1 hour per response, including the time for reviewing instructions, searching existing data sources, gathering and
maintaining the data needed, and completing and reviewing the collection of information. Send comments regarding this burden estimate or any other aspect of this collection of information,
including suggestions for reducing this burden, to Washington Headquarters Services, Directorate for Information Operations and Reports, 1215 Jefferson Davis Highway, Suite 1204, Arlington
VA 22202-4302. Respondents should be aware that notwithstanding any other provision of law, no person shall be subject to a penalty for failing to comply with a collection of information if it
does not display acurrently valid OMB control number.

1. REPORT DATE 2. REPORT TYPE 3. DATES COVERED
30 MAR 2006 Final Report (Technical) 29-04-2005 to 30-03-2006
4. TITLE AND SUBTITLE 5a CONTRACT NUMBER

Self Assembled Nano-Photonic Devices Derived From Marine DNA for
Opto-Electronic Applications

5b. GRANT NUMBER

5c. PROGRAM ELEMENT NUMBER

6. AUTHOR(S) 5d. PROJECT NUMBER
Naoya Ogata

5e. TASK NUMBER

5f. WORK UNIT NUMBER

7. PERFORMING ORGANIZATION NAME(S) AND ADDRESS(ES) 8. PERFORMING ORGANIZATION
Ogata Resear ch L abor atory,3-3-7-704 Aoba,Chitose, Hokkaido REPORT NUMBER
066-0015,Japan,JP,066-0015 AOARD-054061

9. SPONSORING/MONITORING AGENCY NAME(S) AND ADDRESS(ES) 10. SPONSOR/MONITOR'SACRONYM(S)
The US Resarch Labolatory, AOARD/AFOSR, Unit 45002, APO, AP, AOARD/AFOSR

96337-5002

11. SPONSOR/MONITOR' S REPORT
NUMBER(S)

12. DISTRIBUTION/AVAILABILITY STATEMENT
Approved for public release; distribution unlimited

13. SUPPLEMENTARY NOTES

14. ABSTRACT

Optical and photochromic properties of spiropyran-inter calated DNA-surfactant complex filmswere
studied for optical switching. The switching speed was observed as 200-300 ms. They depended on the type
of spiropyran aswell asthe type of surfactant. Spiropyrans containing the oxazinering and inter calated
into DNA showed& #12288;a very rapid photochromic response. It also showed that photochromic
response times became much faster when intensity of the excitation light increased. Various DNA-cationic
lipid complexes and their bulk filmswere also prepared and their physical properties were measured.

15. SUBJECT TERMS

16. SECURITY CLASSIFICATION OF: 17. LIMITATION OF 18. NUMBER 19a. NAME OF
ABSTRACT OF PAGES RESPONSIBLE PERSON
a REPORT b. ABSTRACT c. THISPAGE 29
unclassified unclassified unclassified

Standard Form 298 (Rev. 8-98)
Prescribed by ANSI Std Z39-18



PREPARCD 1D GHCIF PEYSICADL ProPeR@lss ¥eRE BLAIBRED.
CoRSCQBEMBLY. 1B WaAg Fonnd GHAE PEYSICAR RPOPCFRICE UWERE
§reatny Derendent 0R GACH 2iPIDG. 3HG DRA-LIFPID CONPLEHES Fny
Forp@ed 39 ©-12 2IPID 0F LINGLE-CHAIR BFIDCEEILADVORIGR BIYRG
SHoPHED 2HC ZAREESE VALRG 0R QECHARICAR SERCRERE. WaAter
ABL0rPRION BCFATIONS oF 38 FILAS WErE ALS0 DEPCRDERE 0R 310D OF
2IRIDE. 13 WAL Found 2HAE FRUOPELCERCE QRANBER J1BLDS oF ¢Yanine
DYG-1PERICALABED DRA-TIPID HRDE DECPGALED RORLIVGARLY WIEH
ereasing reratile RUYIDIBY, $EILG 286 FLUOPCLCERCE QUARELE
9122Dg Nere HiFH CoBRPARECD HIRE 3HAE of @R In YHoRe PARES of
PELARIVG BRRIDIZY. 0FiRELtion oF DRA WOLCCRLES BRDEP VALHNEEIC
FIGRD YAl CArPIGD 083 IR 0RDER 80 CREARCE DYG 0RIGEBARIoR WIBEIR
1RECFEALARED DRd ROLCCHLES.

Research 4 Fabrication of intercalated DNA-lipid complexes to fibers and films

Developments of novel optical fibers derived from Marine DNA were carried out by a
melt-spinning method in order to study optical characteristics of DNA fibers which were
greatly improved by intercalating organic dyes into base pair layers of DNA molecules.
Results indicated that the DNA-CTMA optical fiber was very much promising for light
amplification.

Research 1 Optical and photochromic properties of spiropyran-intercalated

DNA-surfactant complex films For optical switching

1. ABSTRACT



Optical and photochromic properties of spiropyran-intercalated DNA-surfactant complex
films were studied to aim at rapid optical switching. They strongly depended on the type of
spiropyran as well as the type of surfactants. Spiropyrans containing the oxazine ring which
were intercalated into DNA showed a very rapid photochromic response. It was also shown
that photochromic response times became much faster by increasing the intensity of the
excitation light.

1. INTRODUCTION

Recent research results on DNA-surfactant complexes have shown various attractive features
by the intercalation of some organic dyes into DNA films. We have already reportedl_ basic
optical characteristics, such as refractive indices, absorbance and fluorescence intensity, and
photochromic properties, of spiropyran-intercalated DNA-cetyltrimethilammonium (CTMA)
complex films, which were derived from marine biopolymers, DNA. Although DNA-surfactant
(lipid) complexes showed promising potentials for optical functional devices such as switching
or signal processing devices, their response speeds were relatively slow4 to apply them to
practical systems. Molecular-chemical bond state of DNA and surfactant in DNA-surfactant
complexes depends on the kind of surfactant, and consequently optical or photochemical
features of DNA-surfactant complexes will differ from each other according to the surfactant.
This may also affect the response speed, and there maybe an possibility to improve the
response speed much faster.

In this report, we report optical and photochromic properties of DNA-surfactant complex
films intercalated by several different types of spiropyran compounds. In addition, we also
report the effect of different kinds of surfactant on the photochromic properties. It was found
that the absorption and fluorescence spectral intensity and photochromic reaction of those
films strongly depended on the type of spiropyran. Also we found that the structural difference
of the intercalated spiropyran caused the difference in the photochromic response time. The
group of spiropyrans which include naphthalene and oxazine ring showed faster photochromic
effect. Moreover, it was found that the selection of the surfactant strongly influenced the
optical and photochromic properties of DNA-surfactant films. Increased fluorescence
intensity was observed for DNA-surfactant films with double-chain dimethylammonium,
compared with single-chain trimethylammonium type surfactants. These results suggest that
the difference in the structure of the surfactant leads to the difference in the
molecular-chemical bond state, and thus influenced the structural change of the spiropyran for
the photochromic reaction.
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PECERELY, DRA-IFID COPRECHES FATE AEEPACEED YUCTH AE8Ccn3lon DBE
0 8HR1» FRRCTIORNALIBY PRODECED 39 DoFIRE 0F VAPI0BS 0PEARIC DYCS.
288266ALLY, CHE PHOBOCHPORIC CFHEEE 0F DRA-LIFID CORPLEHES HAVE
BEER GHPEGEED 80 ADD & VY PLRCEVRAZIBY. SUCH A8 BLIPA-FALE
oPBICAR SWIBCHING Rogicak CIFCHILY. BBBROFY, @EC. For BBHS
ERerA3I0R 0PEICAL SYSBERS.

M FAPC PEROFELD GHAG DIRA-BIFID COVPRLLREY PREICFIED
HEHR-CrANSPARCRCY Fop Vi1ZIBRe RILEE AnD SHErRAR SCABIRKEY, WIH
VARO-L12C Free VoRBBE 3ETWEER 3A8C-PLAIRS. AZZ0 BHC FEPOFES
Have PETCALED IRCPrEASED LASIRG ARD RODRIVGAP PROPEFEILS 89
DoRing organic DYES INEO DpA. IR ADDIBIOR B0 BEGSE WORrDY,
PHOCOCEPrONIC DACERIALS DoPED 30 DRd HAVE SHOWR LROCHER
podeniial Funcelonatisy. p0rRALLY), $HC PHOB0CEFORIC DYC CORBLRES
i PORYPERY IJFOBLD B8 oW IR o0RDEFR €0 PREYCRE BFHC PEASE
SeRAration. ToReTer & Lerond 1NCCrACRion of ¢HE PHOBOCHPORIC
L2D/0P ROVLINGAP DYGS HICHE LICEE CAR B3 GH#PECEED 89 3HE0PERIGAL
GARLCELABION BASED 0R BHG 18CrCALARIOR OF 4HC DYGS 1230 $BACHED
2Y9erE of RBEREIC ACIDE WiItEIR GEC DAY DoUBLE-FCRIE oF BEHG
erarRing witEHIn frootes 36IIDEE EHC D CHAIR, 0 CFHAE DY
POLECRLES DO 108 AL HreEoBlons.
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INBBPACEION BERINCER DA ARD 0REARIC DYCSY. HoWEVTER, RiPIDY HAVE
gerond INFRBERCE 0L PEHOCOCHFPORLIC CHAPACEECRISRICS.
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DRe BADE Frod IPPOR CHERICAL PeeDing Go. LED. WA DiSLORVED I

DILBILLED PABEH. IPID IR DIYBILLED PABGE VAS @IHED HILE ¢H6 dra
AQBEORY LorgRlon. 8 DiIPEERERE BIYPECY 0F RIFID WERE BIBD
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@op 2¢ HOBRY (gure 2). a%eer Dring PrOCESS. EHE DRA-LIPID
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2,8.8-0F1DCEELINDOLIN0-6'- RIFOBCRZOPYPYROSRIFAR (87).  L1nCe
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SonBBion HAS PORFED 1030 4 BeRToR LABOPAR0FY DISH Horrewed 89
DrYing B0 Grarorade 356 S0LVent 80 0sdaln FiIRas.
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influenced DNA-CBDA by lipids.
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BASIC OPRICAL CHAPACERFISRICS (1BFEC RBASRFED 1 CraY of
PEEPAGRIVE 12DICES, ABS0PBARCE ARD FLUORCYCERCE 1NBERIIBY, AnD
PHOGOCHPOBIC BCIAVIORS. OF SP-DOPED DRA-CRVA. DRA-C3DL, OF
DRA-GH HEDY. DRA-C3DL COBRPLAH FRY SHOWED BHC RARHESE
PEERACEITE 1IRDICEE A SHoWR In FHure ¢ 8HEC DiIFFLPrERce oF
PEFPACEING 10DEHES 1S ALCFIBGD 30 210D oF LIPID, EIZE DIRFLFERCE
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(Frgare ¢) of 386 MLYY ¥Ere REASRFED 80 COBRLEREG HIEE 8 21ndDSY oF
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290D 0F 2IPID, WDICLRBIRE & BLBE LIFE IR DRA=CEF CORLPRBH.
B2R0REICERCE IRBERIIBY SPECRPBY SHOWED BHE SAL6 SEIFES.
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Research 2 0RRigatRi-Coneronied PEOB0RIC LHIECEHECS B3a86D on
SPIPORPYPLR-DOPED DRA-LIPID COPPLEH MLNY

1. ABSTRACT

0PRICAL SIHIRCHING PrOPEFEICE 3086D 0R 4HC PHOGOCHFORISD OF
SRIPOPYPAR-DOPED DRA-LIFID COPREGH M Hale BCeR LLBDICD.
0R-08% LuIcHIng oF ¢HC INCIDERE RIFEE wRDEF GHC ALECFRASE
BHCIARI0R OF G- ARD ViSISLEe RIFER STORED Serons DERPERDERCE oF
2EHe 12CCRIIY oF ¢HE GHCIBARlIon RiFEE. e HAVE 0382IR3D 8FHE
SRICEIRG CIREE 0F ArORRD 200-8008%, BEE VUCH FaLesr PEIPORIG
COBLD B8 BHPECEED SINCE tHE PrOPOFEIONAL $2RDERGY TS 108 BGER
LABRPABED YGE.

2, IperodRcBeion

PEEGRE PEICARCE PEIRLES OR DRA-RIPID GORPLTEHES HaVe SHoOWR
TorloBs ACBPACEINE #oBRPES on ©/0 oF 0/6 DeViIges. oPRIcaAL
DBROFIGY, SPIBCEBS ARD BRSPS . 118 FAVE PEPOFERD POSSIBIRIBY
0F BAIC 0PRICAL CHAPACRRRFIZRICS. SUCE A RFEHFPACRITG INDICES,
ABL0RBANCE ARD FLROPCICERCE INECRIIBY. 2ARD PEOCOCEPORIC
PPOPEREILS. 0F LPIPORPYPAR-DOPED DRA-CEEIRBRIVEEIILARROVIGY
(ce2) coBrREHE MERY. NHICE Ta¥e 866R DEFIPEDd FroR PAFIRG
@@@&@@%@% A0D SHOWED POBECREIAL APRPRICARION OF EHCR €0 0FRIGAL
SPRHCHELS ™ . ALCHORHE DRA-RIPID COPPREHEE SEOWRED ProRIYing
POBEREBIAL Fop 0PRICAR PRRCBIONAE DEVICES SBCH A8 SWICCHIRG oF
Signar Processing DeViIces. CEHLIP PEIPORIEC ISPEEDY  WERG
PERABIIGRY Lo ©0 ARRPRY GECR €60 PRACBICAR SIIBER.
POLECREAR-CHERIGAL 300D $BAEE 0F DRA LARD ZIFID IR DRA-RIPID
CoORPREHRES DEPERDY 0N BEHEG 8YPE@ 0F RiPID, ARD CORIEQBERELY 0FBICAR
0F PEOCOCHCRICAL FRABRRECY OF DRA-RIFID COPREEHES HiIRE DIRFCH
FroP GACH 0BEGR L.CCoRDIRG 80 B3 RiPID. BEIY RAY Argo AFPECE CEE
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©EE HCclLBlon RILES IRBeRSHEY).

IR GEHI8 PARGR, %@ PEROFE OR SUWCHIRY CHARPLCEERISRICS oOF
ABZ0RFEI0n BYRE 0FBICAR ISWICCHRS BLSCD 0R BEE PEOBOCEPODIC
PRACEION 0F SRPIPORYPAR-DOPED DRA-LIFID CONRPLEHE FLNS. 1¥e Forad
BHAG 226 PHOCOCEPOVIC PEACEION 0F SE0SE ML $EroRELY DEPERDED
oR OB 0RLY BEZ BYRE 0F SFArORYrLAR BUE ARSO BFHE @HCiIEAGIon
12BeRSHY. INCREASING BHE B4#CIACI0RN INCERINY B0tH 850-@ &Y
RiEER For BBRR-0PF ARD 892-2P RLALER LILEE Fop BUIR-0R 0PCRABIORS
PEIRLBED In ACCELERABING CEE REIPORIE SPRED IR B06H 0PCRAGIORNS.
PEIPORYE BIREE APEC ARPOLE PProPOFEIORAE B0 €HE @HciAcion
1BERISIY: SBROREBE BHE IRCERIIBY, FALERR BHE PEIPORIG BIVEIY. A
8 PEERLE 0F 0B BHPEFINCRES, 200-800 VI 0F PEEPORSE BIRGS FHaVve
B6ER 03BLINED. HOWETER, I8 18 RIVIBED 39 BHE PoOWNGR 0F oBR RALESE
F0BFCEY. BECLARIE BEE PrOPOFEIONAE BCRDERGY FAE ROB B6ER
LBRPeBED 9eE. GVER LADER RAKIPREY PADIAGIOR POWEE OF 08BF
CQRBIPRLEES. ‘HXCHRE, QBCE HaLer PEIPORSE J1PIRAP B0
CoTPEREIonAk 80 SWIBCHCS CORLD 36 Bi#PECHEED.

8. PRERARAZION OF DRA-DIFPID CONFLEH FLYY

MERPE 2 SHOWS 0BP PRrEPAPABION LEEHOD 0F DRA-LIPID CORPLEH FLHI.
SIRERE=-CHAIR FFIRECRTYLADROVITR BYPG 2171D (CBRL HePreAFEER) Has
BSCD 30 ForR DRL-21PID COPRPLEHGS. FIRLE, PCFINGD DRA 1A DIgLerVeDd
10 DILRIREED HAGER, RIPID 0L UBIoN DILJ0LVED In DiFBIrred ($A86R KA
LIBED HIRE €52 DRd Joruilon . FHCR. 2FE DRA-LIFID COPREEH KA
PASHED 1R DIYBIRRED (HQ86H, Foroiied 89 DrYing Proctss 1a & Tachae
oVeR For 2% HOBRS &8 ¢0U. AFeR DRYIng PROCEIS, BEHE DRA-RIFPID
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CoBRPLEH WA DIYLOLVED 1 R1%ED oL GBI0R (2B0HCHCR L) Co0HERE3R
WIRH SPIPORYFAR CORPORRDY. FRALLY, BEE SoURBION HAS PORFED 1230
8 3eHTOR LABORARORY DISE, AnD DRIGD 30 GVAP0RLRE 25 SorenE.

PeHLrDInE 386 $PIF0PYPAR CORPORADS, 116 BSGD §ii0 DIFFCreRE 8YPCS
SEOW 1 Fag. 2 006 18 86 §ERerAR 39R3 0F PIRORPYPAR CORECAIRING BEE
2P0 roa? (BHISY SFIroPYPAR WAS LABGLED S 1R BHIY PEPORE Fop
cozVeRIZRC3), 22D BHEC OFEGE 1Y 3HC SPIroPYrLR CoRCAIRIREG BHG
0%azine »ing (2ABCLED “$ev). Li1-$PIr0PYFLR SHONS WELL-FROWR
PEIOROCEPORIC PRACEION WIEE CHAREIRE 188 CoOLoF FroQ LIEEE-YBLLOYW
80 PBRRPEG 89 &Y 1p2ADIARI0R. $6-3PIPORYPAR CHAREES I8 COLOR FRro
BRORSPAPCRE B0 BLUEG 89 &Y 1pPADIAGIOR, BUE FRFRS B0 ORILIRAL $BAGE
0RLY) FECPrRAL GHCICAGION AF P00 BRRPERABRRE.

A% SEOWR IR 0GR PPE1I0RS PEPOFE"S, CD $PEERPrEM OF DRA-CRHL. $HHED
S1TAR SPECRPRR 0 DRA, WBYBLE, 42D CORICQRGRRLY DRA-LIPIDG LP6
tHOREEE B0 23 2eeFInG 3F2 orifindk Dousre FERIE ILPRCLLRG
PEELPDLEIS 0F 356 €YPCS 0F 3H% 2371D. FOPEVeR. SRALE PED SEIFE oF
BE6 CD SPECRrES PEAD WAS 0336F 6D, And 18 SBEHL8RED EHAC B3H6
DRA=-LIPID BORD SBFRCBRPC DI 86 SLIGERLY CHAREED 89 C8E 8936 oF
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Mgare 2. SPIFOPYPAR COBPOBRDSY BIED IR B $BGDY

¢ SNRcHIRE CHAPACECFISEICS 0F DRA-RIPID CONFREIH MRS

*3 aB380rFEion FrROPECYCCRGE CEHAPACEGFIZEICS OF DRA-RIFID
COVPLEH F DY

2H6 A8302F310R ARD R ROPEICERCE CHARLCERPIZEICS WERE RBALSRRED
89 BLng & SPECErOPHOBOREELF ARD L SPECRFOFLLOrOREIBOBLEEF
8436 39 SMPLADZE COPPORABION. BYPITAR ABZ0PPEIOR SPECERE OF AR
S1-8PP0PYFLR-DOPED DRA-CEHL LY APC SFoWR n FMgs(a). €56
A8Z0rPEI0N $RECEPRE PEAILRED 11 356 DARE HAS 00 DIYBINGE
ABZ0FPRION PEAD 1R BHG ViLiBLe PEEIOR BHCERE AB08E P00-R8 PEAR
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AZL0012E8ED PIE 3E6 A8380rPBI0R 89 BEE DRa. WEGR BEE @V RiES 1vas
1PPADIAGBED 0R BHE LLVPLE Fop & YLFMCICRE LERERE 0F B1ne. 386
ABZ0RFEION SPECBPRY CHAREED 2nD & RAREE ABZ0RPEIOR PGAR ¥AS
ARPPGARED OB AB081E 860-28. BEIS CHARE®E IR 3HG A8302PEI0R SPECERBY
FESVERED 1R 2E6 CHARES oF 356 Coror ofF 486 ey, Mdure 8(3) TN
3H% FrB0PrEICERCE SPECEPRY 0F BHE 086 $A8PLE. PHER CHG SLLPLEE
HaS BHCIBED 89 &Y LIEER, 0RLY HELD FRLBOPEICEREE LB AB08E 680-28
WAL 0886FVIED, KEIZEG ¢He SLLPLEE SHOWED SBrony PLROPEICERCE &8
AB0GE 620-28 UHCR B WA GHCIED 39 S68-2Y RIFEE AFEGR &Y
12PEDIABIORN. BEIY 1Y CHG 8YFIcAR PHOBOCEPORIC PBACEIOR. A SHOWR
1n @, 8(2) 286 SPECErLAL CHAREE 1R 356 A330FPE10R PEAS &7 860-24
B6Hore 20D ATer BY WrADIAGIOR SBEHHLSES BHE PoSLIBRE 0n-0FE
SRCHIRY 0F ¢HE INCIDERE RIFEE ArOBRD BEHIY PYAVGREREBE.
$6=-8Rr02Yre0R DORPRD DRA-CERE MEPY $HOWED ARPOYE LIPILAEP
ABL0PPRION $PECEPLR CHAREE AFORRD 620-14, B8RS 18 RrRY PAPIDLY 30
8EG 0RILINAR SBACE 87 CHEPVLR @&@@2@&@%@@ A8 P00 BERPBRABRRE A
PEROPEED IR 0B PREVIOBS PEPOFE".
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CaAS86s. WNEerCASInG G386 Gicitatilon INEERIIY PEIRLECD In FALEeE
PESPORIE. MERRE 7 IVPRAPIZES SWICCHIREG B10EE 0882IR3D FroR
2EHe DERAZEPED PEIPORIE. PREAPDIRE L6-8Fr0PYPLAR DOPED
DRA-CRRE MEYY, BHCY STOWED L2086 0% PAYRePr PEIPORIEC BHAR
$1-DoPED 003 LS 1NDICAGED in . 7(2). IR 0VF GHPEFIDGRE, T2 &Y
LIEER POWCER HAS ROE CARIBRABED, B3GE ¢HE VAKIVRY rEER RAZEE
POWGE WAS ARORRD 80-Ri ARD 3HC 36AY DIAYEEEER WA A30EE 8 VY.
BoweleR, £10¢e 356 08203 Hordek 0F 356 ReASBRrCRCRE SYLEe A
BILBED Aey Froy 3EC IRCIDERE 3208 &%, BHACE Vares oF 3Es
@H#CHARI0N LIGHER WAS ROE CARIBPAGED AR 3H6 SBrPFACE 0F 3HG 8636
L0706, GHRPrEHOPG, IR 0PDEF 30 CRLARIRY @FHC DEFFERCE IR 3EE
12BERIIY DERPECRDERCE, LECE FRrEHGEF CORSIDEPALRBIORNS LHOBED 33
CICEISISIONUN
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MRrE 7. SNRCERIDE RINGE 0F SLPIRORIYRLD-DORED

cHE SWNiccHIRE ©IYGE DiIPECERY DEFERDY OR ©EHE PEHOBOCEROVIC
PeIPORIE IPEED oF BHE L1-8PiropYrAR DoPED DRA-RIFPID FMrH. ©HG
PHO0COCEPORIC PEIPORYE BIVE FroP BEE GHCICED LBABe 0F BFEG
0RER-3Ing 1S0DGP B0 BHEC roGRD FBACE OF 3HE CLOISED-FIRE 1$0RECR
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1288cAD of FIRYY B0 JIPPRIFY CHE PROCEIS. GHE ARG P
1RRADIABED 39 BEHE BY-RILEE fop & SEPFICInE Rong PERIOD,; 42D BHER &
882=-04 frEER RASCE YA IPPADIARED A3 3HE LAKITL POPHEE In 0RDER
30 38> 386 SPr0RPYRLR B0 BH6 round $Base. AFer PARID PIYE G186
For 336 PrLROFCLCERCE, 3HE FLUOFECICERCE TS DECPEAIED WIGHIR
gererat HGRDFED oF PITLTIZECoRDY. BIHIY COPRESPORDY B0 BHEG
BBrR-01 3186 SHOPR In Figs. 6 and 7.
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8. GoORCLRSI0NS

%16 BaVe PERPoOFEED 01 SNICHIRE CHARACEERISEICS 0F A3802FRI0R 8YREG
oRPRical SWICHRS BAZED o0R BEHEC PHOBOCEFOBIC PEACEIOR oOF
28P1r02Yr0N=-DOPED DRA-RIFID COPPLEHE WEHY. ¥E BELELD Fi=- a4@d
26=-8RP1p0RYPeR DOPED DRL-CERL COPPREH FRHY AnD Found BFHLAE ¢HE
SRICEHIRG ACE10R 0F BH0LE FiR B SBPoRERY DEPERDED OR VOB 0RLY BEE
897G 0F IPIPORYPLR BBE ARI0 BEE CHCIBARBI0R INCERSIBY. INCPEASIRG
BEG @H#CIARI0R 1NEERLIY OF BORE 860-28 &Y LIGER For CRFR-0FR ARD
882-28 RAZEEF RiIFEE o BUPR=-0R 0PGRABIONS PEIBREED Ip
ACCELERACIRE BHE SUNCHIRY SPEED IR B0BE 0PGRABIONS. SHICCEHIRE
BAPCY APG ARPOLE PPOPOFEIONAL B0 BEHE BHCciItABIon INECLRIIEY:
Seronger ©HC INEERYIY Pageer GHE SUIcHIRg 1868
26=-8P1r02Yr0R8 LHOWED FALEerR PEIPORIE BEAR LI=-SPIPORPYPLRS,
ALBHOREE LO-SFAFORPYFLDR CORLD VOE PRARIZE PRFFZCE 0FRICARLY
CoORBFrOLEED SWNCERS BCCARISE OF BEElr RAREIAR BEGrY0-CEPrONIC
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PPrOPEFEILS.

A% PrEIGRE, 200-800 B O0F PEIPORIE B1YES FAVE B36R 038LINGD, BGE
2HGY 36LHED €0 83 RIYIBED 39 CHE POWREE 0F oBP RiIHEE SORFCES.
SIRCE CHE pProPORBIORAL $ERDERCY oS 206 36ER SABBPAECED Y&E, 6TeRr
G2DEP BLKIVBH PADIARBION POHEER OF 08P CQRIPLERESY, LUCH FaLeer
PEIFOVIG J1PARLR 80 CoTTEREIORNAE B0 SHHECHES CORLD 86 BH#PECEED.
Hoitee®, & Serond 1rradDiAcion oF GHEC GHCIBAGI0R RiFEE §ereratiy
DB F0BE DELrADAZION 0F 3HC PHOBOCHPORIC 0PERARIOR OF BHE
DYeIY. BHCrERORE, BECPEC VLY B33 $0P2 BrADBOFRE BEEINCER @HCiIzAGIoN
POWCE AAD PEIFORSE BIVGIY. I CORCGRESION, ARE O0RF PEIBLEIY
IADIGABED 3H6 POBEREILAL OF DRA-BAIED 0FPBICALLE SNICHLS 89 PROPEE
26L2ce100 0F ¢He 8923 0F $P1r0RYRAR HIEE ProPGr COLBINABION OF 3EEG
CoORBROL RIACES 1RBERINEY.
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SPIFORYFAR-DOPED PAFING-810P0LYRCF DRA-IPID COPPLEH LYY,
BeCE. Digess I 0PB0GLECErODICY AED COPPERICABION
CORFBPGHCE (08CC2008), 832-838, 20O0S, LBOBL, BOPGE.

Research 3 Structure-property relations of intercalated DNA-lipid complexes
1. ABSTRACT

Pari088 DRA-CABIONIC LIFID CORPREHES ARD BEHCIP BGRE FILYSY 1¥WERE
PREPARGD 42D @HCIR PEISICAR PrOPEFEISE (¥CRE BEAIBRED.
CoRSeQEeRELRY. 1B WAl Homnd BIAE PEYLICAZ RPROPEPEICE WCRE
greasid Depeudend oR GACH LiPIDG. 4H% DRA-RIFID COLPREHES Finy
Por@aed 89 c-12 RIFID oF JInre-CHAIR SFIRECIEILALVORIBY BYRPE
SHOWED BEC LBARHEIE VALBE 0R PECHARICAR ICRECRHRE. - WABGER
a830rPRion 3cHATIORS 0f 3H6 LY WERE ALI0 DEPERDERE 01 21nDY oF
2IRIDG. 18 A8 Fored (AT FRROFCICERCE QUARERD JICEDE oF
CYANING-IRBCPEARLACED DRA-LIFID MLOY DECPEASED RORLIRGAPLY) (HIEE
mereading reradiic TRRIDWBY, PHIEE ¢HC FrLBoPrCICeRCE QBANRS
9ieLdS ¥ere HiLE coLPARGD HIRE SHAG oF PR@A IR WHLE PAREEG OF
PELARBIIC TRRIDIBY. 0RICREABIOR 0F DYL-IREERCALABED DR
PoLECERLES WaAs VEIRIFAReD Guder DAERGRIC HGRD B0 GREARCE
0FICREBARI0RS oF DYG VOLECRLEES 1R DAL

2. GHPEIrIRGREAL
2.2 $YBHCLLS oF DRA-IPID COPPEEREGS
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a8 Frst. F13r08S DRA-22 WAL DIZLoLVED IR DILRBILLED PHader (.84 ¢
) H18F SeIrrIng 89 & DECHARIGAL SBIPRCR. 0RG LIBEE 0FBHS AQBL08S
SoruBion oF DRA-1A PAS ADDED B0 0REG LI oF AQREORS Sonukion OF
Parions 2iPIDS (11963 BORLP AHAIRSE SODIRD CLRI0R 0F DRA=-0A), ARD
& DRA-RIFID COVRLEH WAS PRECIFIEARED. ¢HC PRECIFIEASE WA
CoLRECEED 39 Frdradion. RASHED HIH DIYVILRED WABeR ARD BEGR
DPIGD IR & VACHRS OVER 43 ¢0 ¢. HonRoiing LIFIDG WEICH Are SHoWR
o #g. 3, VEPE BSGD B0 Fora DRA-LIPID GODPLEHES B9 856 SA86 BEEHOD
a8 Peeioned As0Ve.
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CH
Benzyldirnethylammonfum type (n=14,16,18)

cr Q*— (CH,)CH;

Pyridinium type (n=12,16)

omplex

g, 2 21D of LIPIDG BIED Fop
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2.2 PPOPAPAGION OF DRA-RIPID CORPRAHES CASE FiRa

a8  Fipgt - DRO-RIFID 2 CoRREEHEY  WEeRE - DiIZLRYed  in
GREAROL/CELOFOFOPR=I/S(TOLRRE PARI0) WIRE CORCEREPARIOR OF
0.086/ B2 M) DODEGYL BRIDCEHYLADROVIRE, SN
FFIRCREILADDORIGH Q2D DODECYL PYFIDINIBD (H6FE DISYORYED HIRH
concemiRradion of 0.08/@k. A&FEER DigLonBtion oF BEHEC DRA-BIPID
CoOVREBHESY: BECIE LoLURBI0RS WERE CASE InGo SCHLOR PRABES. And
286 MpYY ¥ere 0382InED 89 clirorading ¢HE S0EVend in & DrYing
ofeR ag ¢o .
2.8 2CASTRrECRCRE oF PCCHARICAR PPOPCFEICE oF 356 MLYS

2HC AT FIRBY 0F DRA-RIPID COBPRLEHESY WEFE CuB 0FE In L1726 oF
¢%0.8c8: A1d CEHCR CHC MRS YAl ADIBICED 8o A330r3 FRRIDIY 89
2@ ing CEHER IR DEIICCLB0RS OF 682 AnD 100% R.5. Hop LoPrE CHAR BH0
DAYS a8 AVBICRE BRLPERACRPE. YCCHARICAR SBPECRERE oF 3HC FiIRa
wag BeALBRED 39 LVreICHIRG EHC Frasg BRI B Fraceured 39
SRPEECHILE 3638 RACHING oF AHI-C20F STPAZE. CO. 2ED.
2.% QUANERS Jierd oF PLROPCICERCE RILES

Quantum yield of the dye-intercalated DNA-lipid films was measured. Schematic diagram
for the experimental setup was shown in Fig. 2. For the measurement, we employed the
integrating sphere, and located the sample film within the integrating sphere. As a light

Bandass gpamony filter
F1ter Eiteio detector

UV Light smurce L Laag ™

o

PC niegrating Sphere

o

Fig. 2 Experimeln‘?al setup for the

measurement of fluorescent quantum yield



source, a xenon lamp was used. The light beam was focused by lens system, and
monochromatic light was obtained by band path filter. The emission from sample film was
detected by photodiode and was then depicted by a PC.

2.5 Orientation of DNA-CTMA complex under magnetic field

Orientation of DNA-CTMA complex which was intercalated by various dyes was carried out
under magnetic fields of various strength which were applied to DNA-CTMA-dye methanol
solutions while evaporating to form films. The experiments were carried out at the National
High Magnet Center at Tsukuba in March.

3. RESULTS AND DISCUSION
3.1 Mechanical properties of DNA-lipid complexes films

') were reported on DNA-lipid complexes, while non of papers described

Various papers '
effects of lipid kinds on mechanical properties of the DNA-lipid complex films, so mechanical
properties of the DNA-lipid complex films were measured in terms of tensile strengthes.

Results of stretching tests in 63% and 100% R.H. of DNA-lipid complexes films prepared
from various kinds of lipids indicated that the film of n=12 indicated about twice strength
compared with the film of n=16 at 63%R.H., while the strength decreased 1/3 under 100% R.H.
when compared with it under 63% R.H. On the other hand, strain increased under 100% R.H..
From this phenomenon, effect of plasticity of adsorbed water in the films was found to be
rather large.

From these results it was revealed that the kinds of lipid had a very large influence on
mechanical properties of DNA-lipid complexes films. When only strength and strain of the
films were taken into consideration, lipid of single-chain trimethyl ammonium type was the
best in terms of mechanical properties.

Relationship of relative humidity and initial Young’s modulus derived from the S-S curves
of the films is collectively shown in Table 1. In any case initial Young’s modulus decreased
and became soft by increasing relative humidity. Single-chain trimethyl ammonium n=12 had
the highest value of initial Young’s modulus among lipids. Subsequently, the values are
arranged in order of pyridinium n=12 > single-chain trimethyl ammonium n=16 >
double-chain dimethyl ammonium n=16 > pyridinium n=16 > benzyl dimethyl ammonium n=14
> benzyl dimethyl ammonium n=16 > double-chain dimethyl ammonium n=12. These results
indicated that the kinds of lipids had large influences in terms of hardness of the films.

8828 2 IBIAR JoRRg S LODEBLBY 0F DRA-RIPID FIRYY GRDEER

.. R.H-(C|Young's
Lipid Z) Modulus (MPa)
single-chain L3 940
type

n=12 100 179
single-chain L3 YOS
type

n=1lk 100 53
pyridinium L3 £73
type

n=12 100 by
pyridinium L3 209
type




In order to investigate effects of solvents for the conformation of DNA-CTMA molecules in
solutions, specific viscosities of the DNA-CMA solutions in various mixed solvents were
measured and results are shown in Fig. 3 which indicated that methanol as a solvent gave a high
specific viscosity, while increasing amount of chloroform to methanol decreased the specific
viscosity of the solutions and ethanol solution had less specific viscosity than methanol
solution. These results indicated that the conformation of DNA-CTMA molecules was
dependent on kinds of solvents and DNA-CTMA molecules in methanol had much stretched
structures than in ethanol. It becomes clear that conformations of the DNA-CTMA molecules
in solutions influenced tensile strength of the DNA-CTMA films as entanglement of DNA
molecules would be changed during the film processing. Further research on the solvent
effects is now being carried out.
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Fig 3 Effects of solvents on specific viscosity of DNA-CTMA solutions
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BRDeRF Yo gnedic Feed
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GYenIne-DoPED PRV FLY HErE PLASBIECD BRDEF PELABITG BRIDIBY
o® 0, 86, 68, 20 42D 200%. FLROREICERCE QBANBER JIBRDY oF BHESE
MRQS ARG SHOWR 12 Fag.d. 18 WA Fognd SHAS FRLUBOREICERCE QUARERS
236D 0F DRA-LIFID FLYY DECPEAZED RORLINGARLY HILE 1CRCASIRE
PERARGIVE RRPIDIBY, HEHILG BEHE FRRORECICERCE QUARERS JIBRDY $6RE
EEE 1R CORPARISOR WIRE SHAS oF PRAA 1R (1HORG PAREER OF PERARHIG
BeQiDIRY. Fro tHCIC PEIRLES 1B Al Folnd tHAC A830P36D WaABEE
gate 1n@crilor MEFRRERCE 0R OPRICLR PROPEFEY., UHIRG DRA-RIFIDG
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Orientations of DNA molecules under various strength of magnetic fields mere measured by
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Fig. 5 Polarized microscopic pictures of DNA-CTMA films prepared under various magnetic
fields.

In order to investigate the orientation of dye molecules which were intercalated into the
double helix of DNA, following dues were intercalated into DNA molecules in aqueous
solutions to obtain thin films:
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The dye-intercalated DNA films were irradiated under 12T magnetic power to orient dye
molecules.
The orientations of dye molecules were measured by using a rotating polarized fluorescence
spectroscopic method as shown in Fig. 6. Fluorescence intensities as functions of rotating
angles of various dye-intercalated DNA films were measured as shown in Figs. 7 and 8.
Results of fluorescence intensities as functions of rotating angles indicate peaks at about 90 °
angle, clearly suggesting the orientations of dye molecules in DNA double helix under
magnetic field.
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Fig. 6 Rotating fluorescence spectroscopic measurement
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Fig. 7 Fluorescence intensity dependence of dye-DNA films as functions of

rotating angles
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EtdB-DNA DAPI-DNA film

Fig. 8 Fluorescence intensity dependence of Dye-DNA films as function of
rotating angles

Effect of magnetic strength on the enhancement of quantum yields of optical dyes for
fluorescence emission will be investigated in near future and results will be summarized soon..
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Research 4 Fabrication of intercalated DNA-lipid complexes to fibers and films

Processing of novel photonic materials derived from Marine DNA was investigated in terms
of optical fibers which was reported that optical characteristics of DNA films was greatly
improved by intercalating organic dyes into base pair layers of DNA molecules. This year
aimed at optical fiber processing by melt processing of DNA-lipid complexes which were
intercalated by organic optical dyes into the DNA fibers.

Melt-spinning of DNA-CTMA complex was performed by following spinning machine:

Melt-spinning machine SEM picture of DNA-
. 9 CTMA Fiber
Heater , I I _ Heater

DNA-CTMA

powder
+— DNA-CTMA fiber
@@ BEVEE




ALY

Fig. 1 Melt-spinning machine for DNA-TOJO O complex

Fluorescence light emission of the dye-doped DNA fibers was measured by an experimental
set-up shown in Fig. 2.

Experimental setup for
the measurement of emission spectra

Nd : YAG laser Nd : YAG laser
Repetition rate : 10 Hz
Pulse duration : 7 ns
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 — \-\)
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Fig. 2 Experimental set-up to measure emission spectra

Results are shown in Fig. 3 which indicates that lasing occurred with increasing power of
exitation light and an amplified spontanecous emission (ASE) was observed with narrowing
width of spectra. The threthold value was less than 1 mJ.cm-2 which was very low for lasing.

HeZe relBLEY SLHHER BHAR BHG DYC-Doped Dra Hizers are ¥ery
LUCH FroYiging Fokr LIFEE aRRPriFIcation For 36LC0RRRRICABIODS.
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Fig 3 Lasing phenomena of dye-doped DNA fiber
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Report of Budget in 2005
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